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IHIE USE OF m m  HALF-LIFE RADI- IN TAGGIHC COAL 
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An important use of radioisotopes in  research on coal processing and coal 
research is i n  tagging the coal t o  detennine the path it takes through the  process 
under investigation. The application of radioactive tagglng, however, is aften 
limited by radiation hazards, process contamination, o r  the  expense of radiation 
f a c i l i t i e s .  Although only a small mount of radioactive material is init ially re- 
quired t o  tag the material, equipnent nwy soon became contaminated, decreasing the 
sensi t ivi ty  of measurement and requiring snccessively larger amounts of radioactiv- 
i-Q for subsequent tests. I n  addition, the product is  often contaminated and there 
is the problem of disposal. of radioactive materials. 
method is needed vfiich is simple, accurate, completely safe and econamical. 

Frapl a pract ical  vievpoint a 

'Ihe use of sho&-llved radioisotopes haplng a half-life of perhaps one 

The use of gsnm3a "covs" or "milkers" 
hour would solve these diff icul t ies .  
supplying such an isotope i n  useable fom. 
solves this problem. 

However, this also introduces the problem of 

Method of -ng Coal with a Short-Lived Radioisotope. One of the  great 
advantages of radioactive t r scers  i n  industrial  amlications is the  use of tracers 
VLth half-Uves of one hour or less.  This means  -&t a few hours a f t e r  they are used 
the radioactivitg has completely disappeared. Such a t racer  can be used vithout con- 
taninating equipment or leaving any residual radioactivity. Since the radioactivity 
of short-lived tracers dies out i n  less than a day, however, one problem w t t h  than is  
a source of supply. %is has been solved by the  use of gamma "cows" or 'Inilkers," 
including a m e a n s  of separa%ing the parent-daugpter isotopes. In this method, a 
longer-lived parent element is stored for future use, then, when needed, the short 
half-life daughter elanent is separated or milked from the  parent and used t o  tag 
t h e  process material.. 

An example of a gemma cow is the  element germanium-68 vhich is available 
i n  millicurie amounts as gennsnimn chloride dissolved i n  about 20 ml. of di lute  acid. 
Ihe continuously produced daughter-isotope gaI.Iium-68 can be extracted as gaI.Iium 
chloride from the parent and used immediately. 
has a half-1ffe of 250 days and can be us& as  a source of gallium-68 for several 
years before the activity of the gennanim-68 becomes too low f o r  use. 
years, the germanium can be extracted for g a l l i u m  every t en  minates or as needed. 

Gennanium-68, the parent radioisotope, 

Dnring these 

The extraction or milking procedure is very simple. !Twenty milXUters of 
25 percent acetyLacetone are aaded to L&e germanium solution in a separatory funnel, 
shaken vigorouslg and allwed t o  clarify. Most of the acetylacetone solution, vhich 
contains onlg the daughter g a l l i u m ,  is decanted o r  withdxaun with an antmatic  pipette, 
lea- a l l  of the  germanium solution for subsequent & A C t i U n S .  Ihe ga l l ium solu- 
tion can nov be added to povdered coal, M e d ,  and the tagged coal used immediately. 
Ihe ga.lXtm solution can be inJected direct ly  into a pipeline, o r  if miscibility vlth 
water is required, the g a l l i u m  raay be extracted with an aqueous solution. G d l i ~ m - 6 8 ,  
w i th  a half-life of about one hour, emits both betk and gama raiiiation. -Its gaamyr 
radiation has an energy of 1.1 M e v ,  vhich means it can be effectively measured through 
an iron pipe or at a distance of sev- feet .  
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Nearly 1 millicurie of g a l l i u m  can be obtained by each extraction froin a 

Regardless of haw the short-lived g a l l i u m  is used, it natur- 
stock of 2 millicuries of gexmanium. 
t racer  applications. 
ally disintegrates i n  a fev hours foming stable zinc-68. 

!5is provides enough radioactivity f o r  most 

U s e  of  cod^ %gged ~ l t h   allium-68. Gd~um-68 is particularly us- i n  
short-duration measurements of flov paths, flow rates, m i x i n g  operations, etc., 
which a re  completed i n  a few hours, and where contamination of product or WUiEpMnt 
must be avoided. 
assurance that all radioactiklty 'Jill be gone the next by. 

The tagged material can be added to 8 process stream vlth compZete 

Coal part ic les  have been tagged with g a l l i u m - 6 8  to measure reaction time 
This gasifier i s  based of the coal and steam in a laboratory-scale coal gasifier. 

on the f a l l i n g  pa r t i c l e  technique (1) and is  used t o  deterrmine the reaction r a t e  of 
pulverized coal as it drops through a steam abosphere inside a 3-inch-diameter, 
9-foot long tube a t  tenperatares front 1,800 t o  2,400' P. 
this apparatus is  the accurate measuranent of residence o r  contact time between the 
coal and the steam. Ihe actual contact time was measured by adding slugs of tagged 
coal' to the feed stream and measuring the tjme interval  as  these slugs passed radia- 
tion detectors located outside the gasif ier  a t  each end of the isothermal zone. Ihe 
tagged coal was prepared by adding a few m i l l i l i t e r s  of the extracted gallium solu- 
tion to a fev grams of coal and drying in a heated t e s t  tube. 
tracted and dried on the coal within 5 minutes, producing about 1 millicurie of ra- 
diation (3.7 x 107 disintegrations per second). 

One of the problems w i t h  

The galurn was ex- 

Repre 1 i l lu s t r a t e s  t h i s  application. 'Ifhe tagged coal passes tvo scin- 
Each time t i U a t i o n  crystal  detectors connected through ratemeters to  a recorder. 

the tagged coal passes a detector, gama radiation f r o m  the coal produces a peak on 
the tracing. !&e contact time is a function of the distance between these peaks. 
Reproducibility of m e a s u r e m e n t  for contact times of 3 to 10 seconds is  2 percent. 

Most of the galJLum chloride remains i n  the ash residue collected at the 
b o t b  of the gasifier. With successive measurements, the ga l l i um-68  contanhates 
the system, causing an increase i n  the background count and reducing the accuracy 
of measurement. 
all of the radioactivity Vill have completely disappeared. 

When t h i s  happens, the sys t em i s  shut &%in unt i l  the next day when 

mi6 method has been used r e p e a t e  t o  measure the residence time of a 
v a r i e e  of coals w%th far greater accurscy than other methods of mesurement. 
over, the method gave qualitative infomation on the mixing of coal and steam and 
pinpointed the location of an unexpected holdup in the residue collector. 

MOR- 

Adaptations of this method are being used in other applications. Qne of 
these is the measurapent of the slippage of solids entrained ia l iquid and ms-s 
m a a  moving a t  high velocities. 
tagged material to thousandths of a second. 

Here, a high-speed recorder measures the speed of 

MsuJssIm 

Germaniwn-68-gallium-& is  0- one of many parent-daughter radioisotopes 
vhich c a  be used f o r  a continuing scpply of short half- l i fe  tracers. 
a 
bfiitg and appropriate decay characteristics. 
mercially available as an automatic mechanical unit 2). The decsy of t i n - l l 3  t o  
irdium-ujm has been reported suitable f o r  t h i s  use 3). Others include strontium-90- 
yttrium-90, te~urium-132-iodine-lj2, and moIyWenum-gg-technetim-%m (4). 

However, 0- 
number of these have practical  significance from the standpoint of avai3.a- 

A cesium-137-barium-137 pair is  can- 



68. Be &vantages of using g a K i r m - 6 8 - ~ - 6 8  f o r  short ---e 
2 .  

appucationa are: 

1. Application is completely safe and almost foolproof. Once the sfmple 
extraction of gallium from genuanitnn has been made, the short-We gallium may be 
nsed i n  any process tTith complete as8ufsIIce that no rsdioactivitg VFIl udst cuter 
a few hours. 

Var lOuB techniqpes of extraction. 

Zhe main safety precaution is avoiding car- mer of g m r m a  in the 
solnuon durJ.ng extraction, We have found no trace of carry over us* 

2. 
ing in the same unit. 
a few hours, there is no increase i n  background count after saccessiva 
of use. 

only a small amount of rsdiosctivity is needed wen for repeated tiest- 
Since any contamination of equipent completdy disappears in 

and Pregs 

3, 

4. 

%%ere is no vaste disposal problem beyond simply waiting a few hours. 

B e  simple extraction of gallium tram g-um cao be ccrmplated IB a 

- -  

few minntes and the short-lived product used to tag'almost any solid o r  Uquia ma* 
id., ei ther  as a water o r  oil solution. 
should f ind th i s  to be a simple pmcedure. 

A Junior chemist, or chenfcal techniciany 

5. B e  short-life gkyiram is a strong 

6. A fozmsl radioisotope laboratory is not required f o r  thia m e t h d ,  since 

emitter; tsa-ed EBtarialS can 
be detected through heavy-walled sipes er at distances of sevexal feet. 

the amount of radioactivi~ needed f o r  mst applications l e  very lar; 1 t o  2 m I U i -  
curles of geamanitrm is adequate for most applications. 
gemanium ehould be perf'ormed i n  a chepical  hood. Beyond a portable survey meter snd 
proper shielillsg or storage place for tbe separat~xy funnel of ge2mSnim8, n0'Bgecia.l 
f a c i l i t i e s  are needed. AS gezmasimn-68 is a cyclotron--ed-rsdioisotope, a U- 
c a s e  from the Btcmclc mer= Ccmnnlssion is not re~uired. A potential user mrst: only 
sa t i s fy  the smller that he has the minimua instrument8 needed for mafe usage. In 
our upe of this metho8 of tagging coaly the total pereonnal exgosure was caiaulatcd 
t o  be lese  the0 1 m l l l l r d  per month; film badger and dosinraters did not ehaa any 
ezQomre. 

'Iha extraction of from 

9he dlsadvantager of thls methoU largely &wan& on the ~ c c r t i o n :  

1. hrge  BIDotlllfs of g e m 4 8  are not rrrd.llv avabble .  wlotron 
pr~dp~tiorr i s  t laaa l lp  in u i c r r r i e  quemtities, so that the appucations oi -48 
are generally limited t o  laborsfory Snd pilot-ecda applications. For d a t m l r g  the 
f l W  mte i n  a hmv-walled p i p u n e ,  8 Blillfcrrria O f  g-1- 1s 
method i s  not saitable f o r  applications *&ring large llpDoMf6 o f  radlosctlve mater- 
ial. 

bat this 

8. Because of the short hulf-Uie'of @Urn-@, the actual. measuranant  
mst be campletdl in less than an hour, or before the radloacffdtp drops too low to 
measure. 
1 mill icurie of &BuIbm from 2 m i l l i c ~ e s  of garmsnirrn every --hour perulits -de 
wcgarlmentation in methods of ssmple preparation. 

SlBo llmite the sanple preparation time. Howwer, the amilabi l i tg  of 
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USE OF COAL TAGGED WITH RADIOACTIVE GALLIUM - 68 IN BUREAU OF MINES RESEARCH 

FIGURE I 


